The RCW 106 molecular cloud complex is an active massive star-forming region where a ministarburst is taking place. We examined its magnetic structure by near-IR polarimetric observations with the imaging polarimeter SIRPOL on the IRSF 1.4 m telescope. The global magnetic field is nearly parallel to the direction of the Galactic plane and the cloud elongation. We derived the magnetic field strength of ∼ 100-1600 µG for 71 clumps with the Davis-Chandrasekhar-Fermi method. We also evaluated the magnetic stability of these clumps and found massive star-forming clumps tend to be magnetically unstable and gravitationally unstable. Therefore, we propose a new criterion to search for massive star-forming clumps. These details suggest that the process enhancing the clump density without an increase of the magnetic flux is essential for the formation of massive stars and the necessity for accreting mass along the magnetic field lines.
Magnetic fields are believed to play an essential role in star formation at all scales because the interstellar medium is generally magnetized (Crutcher 2012) . However, whether they play deconstructive or constructive roles in the evolution of stars and molecular clouds is not entirely understood. From the theoretical point of view, magnetic field is a process that can be distinguished in massive and low-mass star formation (see Shu et al. 1987) . Magnetic fields in magnetically subcritical clumps support the clumps from collapsing gravitationally under conservation of magnetic flux and therefore only allow the cloud to form low-mass stars with ambipolar diffusion that advances steady and slow instead of massive stars that require drastic collapsing. Conversely, magnetically supercritical ones would generate the high-mass core needed for massive star formation thanks to the onset of relatively rapid contraction.
At a distance of 3.6 kpc (Lockman 1979) , the RCW 106 molecular cloud complex is a very active massive star-forming region, so active that it is classified as a ministarburst site. Its 83 pc long structure is located in the Scutum-Centaurus arm and is elongated approximately in the ENE-WSW direction (∼25
• from north to east). This 6 × 10 6 M ⊙ complex is powered by the giant H II region RCW 106 (Nguyen et al. 2015) , one of the largest and brightest HII regions in the Milky Way. The giant HII region RCW 106 hosts a cluster with a mass of ∼ 10 3 M ⊙ and Lyman continuum photon emission of 10 50 s −1 , likely originating from dozens of OB-type stars (M > 8 M ⊙ ) (Lynga 1964) or radio continuum photon emission that is responsible for 54 OB stars (Nguyen et al. 2015) . High density tracers such as CS, HCO + , HCN, HNC, NH 3 emission lines revealed a large sample of cold clumps and these clumps coincide with 1.2 mm dust clumps (Mookerjea et al. 2004) , which are sites of massive star formation or are gravitationally unstable clumps and potentially forming stars (Bains et al. 2006; Wong et al. 2008; Lo et al. 2009; Lowe et al. 2014) .
Although being a famous massive star-forming complex, its magnetic field structure remains unknown. Therefore, we observed the polarized starlight in near-infrared bands using the imaging polarimeter SIRPOL (polarimetry mode of the SIRIUS camera; Kandori et al. 2006 ) mounted on the Infrared Survey Facility (IRSF) 1.4 m telescope at the South African Astronomical Observatory.
OBSERVATIONS

Polarimetric observations with SIRPOL
Magnetic fields can be revealed at near-IR by starlight polarization due to interstellar grain alignment based on radiative processes (see Andersson et al. 2015) . Near-IR imaging polarimetry toward RCW 106 was made on April and May 2017, January, July, and August 2018 with SIRPOL/SIRIUS on IRSF. The camera has simultaneous observation capability at JHK s bands using three 1024 × 1024 HgCdTe arrays, JHK s filters, and dichroic mirrors (Nagashima et al. 1999; Nagayama et al. 2003) . The field of view at each band is ∼7.
′ 7 × 7. ′ 7 with a pixel scale of 0. ′′ 45. We have observed 54 fields in total. For each field, we obtained ten dithered exposures, each of 15 seconds long, at four waveplate angles (0 • , 22.
• 5, 45
• , and 67.
• 5 in the instrumental coordinate system) and repeated it six times. Thus, the total exposure time was 900 seconds for each wave-plate angle. The seeing size ranged from ∼1.
′′ 5 to 2.
′′ 3 at H band. Twilight flat-field images were obtained at the beginning and/or end of the observations. Standard image reduction procedures were applied with IRAF/PyRAF. Aperture photometry was executed at J, H, and K s , with an aperture radius of ∼ 1 FWHM corresponding to the seeing size. The 2MASS catalog (Skrutskie et al. 2006 ) was used for photometric/astrometric calibration. Only the sources with photometric measurement errors of less than 0.1 mag were used for analysis. The Stokes parameters were calculated as I = (I 0 + I 22.5 + I 45 + I 67.5 )/2 and q = (I 0 − I 45 )/I, u = (I 22.5 − I 67.5 )/I, where I 0 , I 22.5 , I 45 , and I 67.5 are the intensities at four wave plate angles. The Stokes parameters were converted into the equatorial coordinate system (q ′ , u ′ ) with a rotation of 105
• (Kandori et al. 2006; Kusune et al. 2015) . The degree of polarization P and the polarization angle θ were calculated as θ = (1/2)atan(u ′ /q ′ ) and P = (q 2 + u 2 ) 1/2 . The errors in polarization (∆P and ∆θ) were derived from the photometric errors. We adopted the measurable polarization limit of ∼ 0.3% (Kandori et al. 2006) and ∆P = 0.3% was assigned to the sources of ∆P < 0.3%. The degrees of polarization were debiased as P debias = (P 2 − ∆P 2 ) 1/2 (Wardle & Kronberg 1974) . Because of the high polarization efficiencies of 95.5% at J, 96.3% at H, and 98.5% at K s (Kandori et al. 2006) , no particular corrections were applied further.
Archival Data
The Herschel Science Archival SPIRE/PACS data were used to obtain the H 2 column density map. First, we convolved the 350/250/160 µm images to the 500 µm image resolution, 36
′′ . Then, we derived the spectral energy distribution (SED) at each pixel by SED fitting using the four images described above, in the same way as Konyves et al. (2010) . We adopted the dust opacity per unit mass, κ ν = 0.1(ν/1000GHz) β cm 2 /g, where β = 2.0. We fitted only pixels where signals are detected more than 3 rms in all four bands. The rms was measured around the reference area (RA J2000 = 16:19:19.64, DEC J2000 =-51:45:36.1). We obtained a column density (N H 2 ) map with a higher resolution of 18
, where I ν is the 250 µm non-convolved brightness, B ν (T d ) is the Planck function at the dust temperature T d derived by the SED fitting (mean: 22.5 ± 1.9 K, range: ∼ 15-42 K), µ is the mean molecular weight of 2.8, and m H is the hydrogen atom mass. The obtained N H 2 , when convolved to the 36 ′′ resolution, is consistent with that of the SED fitting within 10%. We also use the 13 CO and C 18 O (1-0) cube from the Three-mm Ultimate Mopra Milky Way Survey (ThrUMMS) survey (Barnes et al. 2015) .
3. ANALYSIS 3.1. Clumps in RCW 106 cloud complex 3.1.1. Clump identification Figure 1 shows prominent large-scale structures that comprise of clumpy substructures. The cloud complex has a global elongation angle in PA ∼ 25.0
• , slightly different from the Galactic plane angle of ∼ 45
• . We identify the clumpy structures with the astrodendro package 1 (Rosolowsky et al. 2008) . The astrodendro is an unsupervised hierarchical clustering method that build up cluster in a tree-like structure where each node represents a leaf, structure that has no sub-structure, or a branch, structure that has successor structure. It also computes physical properties of detected leaves that we regard as clumps (e.g., S: leaf area, S N H 2 : sum of N H 2 over S).
Because the background column density gradually increases from South to North, i.e, approaching the Galactic plane, we separated the cloud complex into three regions: North, Center, and South. We estimated the background level N min (minimum value to be considered) in each region as the flat and lowest column density level, which are 8.0 × 10 21 cm −2 , 6.0 × 10 21 cm −2 and 4.0 × 10 21 cm −2 for North, Center, and South, respectively. We set 60 pixels, corresponding to 1.5 × 18 ′′ , as the minimum number of pixels needed to define a structure as a leaf. We set 2 × 10 21 cm −2 as the minimum delta parameter (minimum height to be defined as a leaf), which is roughly five times of the dispersion of N H 2 measured in the deemed background areas, not to detect too small structures ( 30M ⊙ ). We calculated the mean column densities (N H 2 = S N H 2 /S) for each leaf. For analysis, we included only the clumps with N H 2 − N min > 7.0 × 10 21 cm −2 , which is the threshold in the regions such as cores can form (Konyves et al. 2015) , and assigned their mean net column densities as N net = N H 2 − N min . We calculated its sphere-equivalent radius as R = S/π. Then, the mass and mean volume density are evaluated as M = µm H N net S and ρ = (3/4R)µm H N net , respectively. The R range is ∼0.46-2.29 pc and the mean R is 0.77 ± 0.32 pc. The M range is ∼230-10600 M ⊙ (Table 1) .
Star-forming properties of clumps
We search for signs of star formation in clumps via the existence of mid-IR emission using the AllWISE source catalog (Wright et al. 2010 ) and the Spitzer 24 µm images for clumps without AllWISE sources. For clumps without any 24 µm point source, we adopted three times the sum of standard deviation within 13
′′ from the clump center as the detection limit. We classified the clumps into three groups: mid-IR bright clumps that have AllWISE sources, mid-IR faint clumps that are detected only in Spitzer emission, mid-IR quiet clumps that have neither detection.
To understand the star formation activities of the clumps, we estimate their bolometric luminosities L bol (Table 1) , because they are direct scales of the star formation rates (Inoue et al. 2000) . L bol of AllWISE sources associated with the clumps are estimated based on the 12 and 22 µm flux from the AllWISE catalog and on the 70 and 160 µm flux from the PACS Point Source Catalog, following Chen et al. (1995) . L bol of bright sources that are saturated on the Spitzer 24 µm or W ISE 22 µm images are estimated based on the IRAS point source flux using the method of Carpenter et al. (2000) . For sources undetected in 70 µm or 160 µm, we use F mid−IR as the proxy because we found a linear relation log 10 (L bol /L ⊙ ) = (0.60 ± 0.08) × log 10 (F mid−IR /Jy) + (3.3 ± 0.1) with a linear fitting for the sources whose L bol were estimated. The source with a luminosity of 10 3.8 L ⊙ is considered to be a massive B2 type star or more massive (Stahler & Palla 2005 In this Letter, we derive only the polarization vector map in H-band because it detected most sources associated with RCW 106 among the three bands. First, on the P H vs (H − K s ) diagram (Figure 2a ), we determined the upper limit to remove outlier sources with too high polarizations, such as stars with intrinsic polarization or polarization due to scattering off nebulosity (e.g., Jones 1989), using only the sources with good polarization accuracy (∆P ≤ 0.3%). We approximately Figure 2 . (a) Polarization degree versus H − Ks magnitude diagram for good polarimetric sources with ∆P ≤ 0.3%. The solid line, which has the same slope as the dashed line, is our determined upper limit. See the details in Section 3.2.1. Here, we adopted E(H − K s ) = 0.065A v (Cohen et al. 1981) . (b) H 2 column density versus H − K s color for the sources that are below our upper limit and have P of P/∆P ≥ 3. The dashed lines are the H 2 column densities expected from the color excess. See more details in Section 3.2.1. estimated a upper threshold line to separate the outliers from the good measurements (a dashed line with a slope of 8.2). The expected background source colors (H − K s ) 0 without the reddening by the RCW 106 cloud have a range of (H − K s ) 0 ∼ 0.3-1.0 (the model of Galactic IR point sources; Wainscoat et al. 1992 ). We defined the upper limit as the linear line with a slope of 8.2 and passing through the point of (H − K s = 0.3, P =0). Thus, we selected only the sources with polarization degree P H ≤ 8.2[(H − K s ) − 0.3] and P/∆P ≥ 3 (i.e., ∆θ 10
• ) for analysis. The sources of the concentration at the lower left part of Figure 2a appear to be foreground sources and mostly have optical counterparts in the DSS2 red image. To remove the influence of foreground polarization, we estimated the mean q ′ and u ′ of these foreground sources with d=3.0-3.5 kpc (referred from Gaia DR2; Gaia Collaboration 2018) and subtracted them from the q ′ and u ′ of the selected sources. Second, considering (H −K s ) 0 = 0.3-1.0 and the errors of
, we include only the sources that have their H −K s excesses consistent with the N H 2 (red dots on Figure 2b ), within a factor of 2 that is the N H 2 uncertainty, which originates from κ ν (Konyves et al. 2010 ). The sources with too high N H 2 against their E(H − K s ) would be foreground sources, while those with too low N H 2 would not sample the magnetic field of RCW 106. To calculate the column densities expected by the E(H − K s ), we use the equations E(H − K s ) = 0.065A v (Cohen et al. 1981) and
We present the H-band polarization vectors of the sources that meet the above criteria in Figure 1 . The polarization vectors indicate that the global magnetic field direction seems to be nearly parallel to the Galactic plane and the global cloud elongation. The vector angle distribution was determined to be 43.7±18.7
• with a Gaussian fit, of which the peak well agrees with the position angle of the Galactic plane.
Magnetic strength of Clumps
We derived the plane of the sky (POS) magnetic-field strength B of each clump using the Davis-Chandrasekhar-Fermi method (Davis 1951; Chandrasekhar, S., & Fermi, E. 1953 ) modified by Ostriker et al. (2001) ;
where ρ is the mean volume density of the clump, σ v is the mean velocity dispersion, σ θ is the angular dispersion of the polarization vectors, and Q is a correction factor of 0.5 (σ θ < 25 • ), introduced by Ostriker et al. (2001) with their MHD simulations. We applied a single Gaussian fit to the 13 CO cube data in the range of V LSR = -80 to -30 km s −1 to determine the velocity dispersion σ v at each position of the 13 CO cube data and obtained the mean σ v within each clump. For some clumps that have double peaks, double Gaussian fits were applied to the integrated 13 CO spectra. Because 13 CO might sample not only clump but also inter-clump materials, we correct σ v by dividing by the mean σ v ( 13 CO)/σ v (C 18 O). We derived the mean σ v ( 13 CO)/σ v (C 18 O) by taking only pixels that are detected in both lines (T peak > 1.0 K). Consequently, we obtained < σ v ( 13 CO)/σ v (C 18 O) >= 1.76 ± 0.55. To derive the angular dispersion σ θ of the H-band polarization vectors, we adopted the method of Hildebrand et al. (2009) . The angular difference is given as ∆θ(l) θ(x)−θ(x+l), between the N(l) pairs of vectors separated by the displacement l. The square of the angular dispersion function (ADF; see also Kobulnicky et al. 1994 ) is expressed as follows:
and can be approximated as follows:
where b, m, and σ M (l) present the contributions of the turbulent dispersion, largescale structure, and measurement uncertainties, respectively. We constructed the plot of squared ADF and l and fit Equation 3 
where B 0 is a large-scale magnetic field, and B t is a turbulent component. See the details in Section 3 of Hildebrand et al. (2009) . We used the H-band vectors within 2 ′ , ∼ 2-3 times the clump R, from the clump center to make the fit. To avoid bad fitting, the clumps with the number of vectors < 30 were excluded. We exclude the clumps that have bad fits even if they have more than 30 vectors. Seventy-one clumps are left for further analysis. We note that several clumps in the very high density areas are not included because the number of vectors of the background sources dose not satisfy our selection criterion. Finally, we obtain the magnetic field strengths of ∼ 100-1600 µG for 71 clumps.
While Jones et al. (2015) found that grain alignment becomes problem at A v 20 in starless cores, Whittet et al. (2008) suggested alignment enhancement around the embedded stars. Since the mid-IR bright clumps have embedded stars, such enhancement might have occurred and our analysis would be valid. Note that mid-IR quiet clumps have smaller R compared to the bright ones and there is a possibility that we do not properly estimate their magnetic fields, but their exterior's.
DISCUSSIONS AND CONCLUSION
Magnetic stability of clumps in RCW 106
Magnetic field strengths derived from our measurements of the clumps in RCW 106 are about 100-1600 µG and the distribution of the magnetic field strength B is not much different among the different clump classes (Table 1 and Figure 3) . As mentioned Section 1, Shu et al. (1987) predicted that the process of massive star formation is different from low-mass star formation. Magnetic fields in magnetically subcritical clumps prevent the clumps from collapsing gravitationally under conservation of magnetic flux. Magnetically supercritical clumps would generate the high-mass core needed for massive star formation because massive stars might require drastic collapsing.
For a clump, the magnetic stability is quantifiable as the mass-to-magnetic-flux ratio λ obs as
or the normalized mass-to-magnetic flux ratio as
where λ crit = 1/ √ 4π 2 G is the stability criterion (Nakano & Nakamura 1978) . The clump is magnetically stable if λ is equal to or less than 1, otherwise unstable.
Sixty-two of the clumps are close to the critical condition or under the subcritical condition (λ 1) and λ increases linearly with N net , but inversely correlate with B as expected (Figure 3 ). Almost all (36/37) mid-IR quiet clumps have λ 1 and only the clump N11 has more larger λ of > 1. More than half (23/31) of the active star-forming (mid-IR bright) clumps are close to magnetically critical or subcritical, while 8 clumps are supercritical (λ > 1).
We examined the correlation between λ with F mid−IR and M clump /M virial in order to examine the relation between magnetic field instability with star formation activities and gravitational instability. λ correlates almost linearly with log 10 (F mid−IR /Jy) and M clump /M virial (Figure 4) . The interesting feature is that the mid-IR brighter clumps tend to be magnetically supercritical (Figure 4a ), especially the clumps with luminosity 10 3.8 L ⊙ (flux 10 Jy), which are classified as the massive star-forming clumps ( 800 M ⊙ ). These facts suggest that massive stars tend to be formed in magnetically supercritical clumps. Figure 4b shows that mid-IR bright, or massive star-forming clumps are mostly magnetically and gravitationally unstable.
Implication of magnetic fields on massive star formation in RCW 106
Our results strongly suggest that massive star formation prefers to occur inside magnetically and gravitationally unstable clumps. The latter point is consistent with previous studies, both in observations (Nguyen-Luong et al. 2016 ) and simulation (Howard et al. 2016) . They claimed that massive star formation occurs in gravitationally unstable cloud complex rather than stable one. We therefore propose a new criteria for identifying massive star-forming clumps, which is:
Massive star-forming clumps are therefore lying in the upper-right of Figure 4 . Our results imply that massive star formation could more quickly occur in the magnetically unstable clumps. These suggest the importance of the process that enhances the clump density while not increases the magnetic flux for massive star formation, e.g., the buildup of molecular gas along the magnetic field. Naturally, supercritical clumps will arise in the agglomerated environments of clumps in large cloud complexes (Shu 1987; Shu et al. 1987 ).
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